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RENDERING RESPONSES TO A SPOKEN
UTTERANCE OF A USER UTILIZING A
LOCAL TEXT-RESPONSE MAP

BACKGROUND

Voice-based user interfaces are increasingly being used in
the control of computers and other electronic devices. One
particularly useful application of a voice-based user inter-
face 1s with portable electronic devices such as mobile
phones, watches, tablet computers, head-mounted devices,
virtual or augmented reality devices, etc. Another usetul
application 1s with vehicular electronic systems such as
automotive systems that incorporate navigation and audio
capabilities. Such applications are generally characterized
by non-traditional form factors that limit the utility of more
traditional keyboard or touch screen mputs and/or usage in
situations where it 1s desirable to encourage a user to remain
focused on other tasks, such as when the user 1s driving or
walking.

Voice-based user interfaces have continued to evolve
from early rudimentary interfaces that could only understand
simple and direct commands to more sophisticated inter-
taces that respond to natural language requests and that can
understand context and manage back-and-forth dialogs or
conversations with users. Many voice-based user interfaces
incorporate both an initial speech-to-text conversion that
converts an audio recording of a human voice to text, and a
semantic analysis that analysis the text in an attempt to
determine the meaning of a user’s request. Based upon a
determined meaning of a user’s recorded voice, an action
may be undertaken such as performing a search or otherwise
controlling a computer or other electronic device.

A user may submit queries and/or commands to a client
device via a spoken utterance, verbally indicating what
information the user has interest in being provided and/or an
action that the user has interest in being performed. Typi-
cally, the spoken utterance 1s detected by microphone(s) of
the client device and captured as audio data. The audio data
1s transmitted to a remote system for further processing. The
remote system processes the audio data to determine an
appropriate response, and transmits the response to the client
device for rendering by the client device.

Processing of audio data by a remote system can include
using a speech-to-text (STT) component to generate text
based on the audio data, where the generated text reflects a
spoken utterance captured by the audio data. The processing
can further include processing the generated text using a
natural language processor (NLP) and/or other semantic
processor, 1n an attempt to determine the meaning or intent
of the text—and an action to be performed based on the
determined meaning. The action can then be performed to
generate a corresponding response, and the corresponding
response transmitted to the client device from which the
audio data was received.

Components of a remote system can devote substantial
computing resources to processing audio data, enabling
more complex speech recognition and semantic analysis
functionality to be implemented than could otherwise be
implemented locally within a client device. However, a
client-server approach necessarily requires that a client be
online (1.e., In communication with the remote systems)
when processing voice input. In various situations, continu-
ous online connectivity may not be guaranteed at all times
and 1n all locations, so a client-server voice-based user
interface may be disabled 1n a client device whenever that
device 1s “offline” and thus unconnected to an online service.
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Further, a client-server approach can consume significant
bandwidth, as 1t requires transmission of high-bandwidth
audio data from a client to components of a remote system.
The consumption of bandwidth 1s amplified 1n the typical
situations where the remote system i1s handling requests
from a large quantity of client devices. Yet further, a
client-server approach can exhibit significant latency 1in
rendering of responses to a user, which can cause voice-
based user-client interactions to be protracted, and resources
of the client device to be utilized for a protracted duration.
The latency of the client-server approach can be the result of
transmission delays, and/or delays in the voice-to-text pro-
cessing, semantic processing, and/or response generation
performed by remote system. Yet further, exchange of
messages between client and server 1 a client-server
approach may require a relatively significant amount of
power consumption for the transmission and reception of the
messages. The effect of this may be particularly felt by the
client device, whose available power 1s often provided by
on-device batteries with relatively limited storage capacity.

SUMMARY

Implementations disclosed herein relate to generating
and/or utilizing, by a client device, a text-response map that
1s stored locally on the client device. The text-response map
can 1nclude a plurality of mappings, where each of the
mappings define a corresponding direct relationship
between corresponding text and a corresponding response.
Each of the mappings i1s defined in the text-response map
based on the corresponding text being previously generated
from previous audio data captured by the client device and
based on the corresponding response being previously
received from a remote system 1n response to transmitting,
to the remote system, at least one of the previous audio data
and the corresponding text.

When a spoken utterance 1s detected by the client device,
the client device can utilize a local voice-to-text/speech-to-
text (STT) model to generate text that corresponds to the
spoken utterance. The client device can then determine
whether the generated text matches any of the corresponding
texts of the text-response map. If so, and optionally 1f one or
more other conditions are satisfied (e.g., condition(s) based
on a confidence score described herein), the client device
can utilize a corresponding mapping of the text-response
map to select the response that has the direct relationship to
the corresponding text, as defined by the corresponding
mapping. The client device can then immediately render the
response, from its local memory, via one or more output
devices of the client device (e.g., speaker(s) and/or
display(s)). The response 1s rendered responsive to the
spoken utterance, and rendering the response can include
rendering text of the response, graphic(s) of the response,
audio data of the response (or audio data converted from the
response using a locally stored text-to-speech (US) proces-
sor), and/or other content. The response can additionally or
alternatively include a command to be transmitted by the
client device, such as a command transmitted (e.g., via WiF1
and/or Bluetooth) to one or more peripheral devices to
control the peripheral device(s). As explained below, having
determined that the text generated by the local voice-to-text/
speech-to-text (STT) matches any of the corresponding texts
ol the text-response map, the response may be provided by
the client device without the client device needing to trans-
mit data indicative of the detected spoken utterance to the
remote system.
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In these and other manners, the client device can render
the response without necessitating performance of, and/or
without awaiting performance of, local and/or remote
resource intensive and latency inducing: semantic process-
ing of the text to determine a meaning or intent of the text;
and generation of the response based on the determined
meaning or intent. Accordingly, when the generated text
matches one of the corresponding texts of the text-response
map, the response that has the direct relationship to the text
(as defined by a corresponding mapping of the text-response
map) can be rendered with reduced latency and/or with
reduced resource consumption. Moreover, 1n various situa-
tions the response can be rendered without bandwidth con-
suming transmission, to a remote system, of audio data (that
captures the spoken utterance) or text generated based on the
audio data. This may further improve the battery-life of the
client device, or otherwise free-up power resources for other
tasks at the client device, as power-intensive transmission
and reception of messages to/from the remote system 1is
reduced.

In some 1mplementations, a method 1s provided that
includes the steps of the client device capturing audio data
ol a spoken utterance of the user and processing the audio
data to generate text. In such implementations, the STT
processing 1s performed locally on the client device and does
not require that the audio data be submitted to the cloud.
Next, a text-response mapping 1s accessed, which mcludes
text mapped to responses. This mapping 1s constructed based
on prior texts generated from audio data of prior spoken
utterances of the user mapped to the responses that were
received from the remote system when the audio data was
previously submitted. The client device then determines
whether the text-response mapping includes a text mapping,
for the generated text. In response to determining that the
text-response mapping includes a text mapping that matches
the text, the mapped response for that text mapping 1s
selected and rendered by the client device.

If the text 1s not included 1n the mapping, the audio data
(and/or client-device generated text that corresponds to the
audio data) 1s submitted to the remote system for further
processing. STT and/or NLP 1s performed by the remote
system to determine an action that corresponds to the spoken
utterance, the generated action 1s utilized to generate a
response, and the response 1s provided to the client device.
The client device can then render the response as well as
store the generated text with the response. When the user
subsequently submits the same spoken utterance, the client
device can locally process the audio data to generate corre-
sponding text, check that the text 1s included in the mapping,
and render the mapped response without requiring NLP
processing and submission to the server. Thus, not only does
the local mapping on the client device save computational
time, the method may be performed oflline if the mapping
already includes the text.

In some 1nstances, responses are dynamic and may result
in different responses for the same spoken utterances. For
example, a spoken utterance of “What time 1s 1t right now”
1s a dynamic query which varies each time it 1s submatted.
Other examples of dynamic queries include weather, queries
related to the location of the user, and other queries that are
time-sensitive. On the other hand, some queries can be static
and rarely, 1f ever, result 1in a diflerent response for a given
utterance. For example, “What 1s the capital of the United
States” will always result in the same response regardless of
when the utterance 1s submitted. In some instances, a
response may be static for a given period of time and then
expire. For example, “What is the weather today” will likely
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4

remain static for the duration of the day and subsequently
expire at a given time, such as at midmght.

In some implementations, to assist in keeping mapped
responses for texts stored locally on the client device fresh,
the client device may submit the audio data or other data
indicative of the spoken utterance, such as client-device
generated text that corresponds to the audio data, to the
remote system even when the text 1s identified 1n the
mapping. The client device can provide the mapped
response and once a response 1s received from the remote
system, the received response can be checked with the
mapped response. If the mapped response matches the
received response, the client device can update the mapping
to reflect that the response 1s static. For example, a confi-
dence score that 1s associated with each text mapping may
be updated to retlect that the same response was recetved as
1s stored 1 the mapping. If a diflerent response was
received, the confidence score may be updated to reflect that
the stored and received responses do not match. For
example, 1n some 1nstances, 1 the responses do not match,
the text mapping may be removed to ensure that the stale
response 1s not provided to the user subsequently. In some
instances, the mapping may be tlagged as stale without
removing the text mapping. In some instances, the mapped
response may be provided only 1f the confidence score
associated with the mapping satisfies a threshold. For
example, the server response may be provided a requisite
number of times (with each server response being the same)
before the confidence score for the mapped response reaches
a level at which the mapped response 1s provided 1n lieu of
providing the audio data, or other data indicative of the
spoken utterance, to the remote system. Optionally, when the
coniidence score satisfies the threshold the client device may
automatically not transmit the audio data, or other data
indicative of the spoken utterance, to the remote system.
Alternatively, in implementations where the client device
does transmit the audio data, or other data indicative of the
spoken utterance, to the remote system, the client device
may provide the mapped response from its local memory
before receiving a reply from the remote system.

In some 1implementations, a method implemented by one
or more processors of a client device 1s provided and
includes capturing, via at least one microphone of the client
device, audio data that captures a spoken utterance of a user.
The method further includes processing the audio data to
generate current text that corresponds to the spoken utter-
ance. Processing the audio data to generate the current text
utilizes a voice-to-text model stored locally on the client
device. The method further includes accessing a text-re-
sponse map stored locally on the client device. The text-
response map i1ncludes a plurality of mappings, where each
of the mappings define a corresponding direct relationship
between corresponding text and a corresponding response
based on the corresponding text being previously generated
from previous audio data captured by the client device and
based on the corresponding response being previously
received from a remote system 1n response to transmitting,
to the remote system, at least one of the previous audio data
and the corresponding text. The method further includes
determining whether any of the corresponding texts of the
text-response map matches the current text. The method
turther includes, 1in response to determining that a given text,
of the corresponding texts of the text-response map, matches
the current text: selecting a given response of the corre-
sponding responses of the text-response map, and causing
the given response to be rendered via one or more user
interface output devices associated with the client device.
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Selecting the given response 1s based on the text-response
map including a mapping, of the mappings, that defines the
grven response as having a direct relationship with the given
text.

These and other implementations of the technology can
include one or more of the following features.

In some implementations, the method further includes:
transmitting the audio data or the current text to the remote
system; receiving, from the remote system in response to
transmitting the audio data or the current text, a server
response that 1s responsive to the spoken utterance; com-
paring the server response to the given response; and updat-
ing the text-response map based on the comparison. In some
versions ol those implementations, receiving the server
response occurs after at least part of the given response has
been rendered via the one or more user interface output
devices. In some additional or alternative versions of those
implementations, comparing the server response to the given
response indicates that the server response differs from the
given response. In some of those additional or alternative
versions, updating the text-response map includes, based on
the conlparlson indicating that the server response differs
from the given response: updating the mapping, that defines
the given response as having the direct relationship with the
grven text, to define the server response as having the direct
relationship with the given text. In some of those additional
or alternative versions, updating the text-response map
includes, based on the comparison indicating that the server
response differs from the given response: removing, from
the text-response map, the mapping that defines the given
response as having the direct relationship with the given
text. In some of those additional or alternative versions,
updating the text-response map 1ncludes, based on the
conlpanson indicating that the server response differs from
the given response: stonngj in the text-response map, data
that prevents the given text from being mapped to any
responses.

In some 1implementations that include updating the text-
response map, updating the text-response map includes
adjusting a confidence score associated with the mapping
that defines the given response as having the direct relation-
ship with the given text. In some versions of those imple-
mentations, adjusting the confidence score associated with
the mapping that defines the given response as having the
direct relationship with the given text includes: adjusting the
confidence score to be more indicative of confidence 1if the
comparison indicates the given response matches the server
response. In some additional or alternative versions of those
implementations, selecting the given response 1s further
based on the confidence score associated with the mapping,
satistying a threshold.

In some mmplementations, the method further includes:
capturing, via the at least one microphone of the client
device, additional audio data that captures an additional
spoken utterance; processing, utilizing the voice-to-text
model stored locally on the client device, the additional
audio data to generate additional text that corresponds to the
additional spoken utterance; determining whether any of the
corresponding texts of the text-response map matches the
additional text; and in response to determining that none of
the correspondlng texts of the text-response map matches
the additional text: transmitting at least one of the additional
text and the additional audio data to the server system,
receiving, irom the server system 1n response to transmitting,
the at least one of the additional text and the additional audio
data, an additional response, and causing the additional
response to be rendered via one or more of the user interface
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output devices associated with the client device. In some of
those implementations, the method further imncludes: receiv-
ing, from the server system with the additional response, an
indication that the server response 1s a static response for the
additional text; and in response to receiving the indication
that the server response 1s a static response for the additional
text: adding, to the text-response map, a new mapping that
defines a new direct relationship between the additional text
and the additional response.

In some implementations, the client device lacks any
connection to the Internet when the method 1s performed.

In some implementations, the method further includes
determining a confidence score associated with the mapping
that defines the given response as having the direct relation-
ship with the given text. In some of those implementations,
causing the given response to be rendered includes: causing,
in response to the confidence score satisiying a threshold,
the given response to be rendered without transmitting the
audio data or the current text to the remote system.

In some 1mplementations, the method further includes:
transmitting, prior to the given response being rendered, the
audio data or the current text to the remote system; deter-
mining a confidence score associated with the mapping that
defines the given response as having the direct relationship
with the given text; and determining, based on the confi-
dence score, a threshold amount of time to await receiving,
from the remote system 1n response to transmitting the audio
data or the current text, a server response that 1s responsive
to the Spoken utterance. In some of those implementations
causmg the given response to be rendered includes: causing
the given response to be rendered at expiration of the
threshold amount of time when the server response 1s not
received belfore expiration of the threshold amount of time.

In some implementations, a method implemented by one
or more processors of a client device 1s provided and
includes: capturing, via at least one microphone of the client
device, audio data that captures a spoken utterance of a user;
and processing the audio data to generate current text that
corresponds to the spoken utterance. Processing the audio
data to generate the current text utilizes a voice-to-text
model stored locally on the chient device. The method
turther includes accessing a text-response map stored locally
on the client device. The text-response map includes a
plurality of mappings, and each of the mappings define a
corresponding direct relationship between corresponding
text and a corresponding response based on the correspond-
ing text being previously generated from previous audio data
captured by the client device and based on the corresponding
response being previously recerved from a remote system in
response to transmitting, to the remote system, at least one
of the previous audio data and the corresponding text. The
method further includes: determining, by the client device,
that the corresponding texts of the text-response map fail to
match the current text; transmitting, to a remote system, the
audio data or the current text; receiving, from the remote
system 1n response to submitting the audio data or the
current text, a response; and updating the text-response map
by adding a given text mapping. The given text mapping
defines a direct relationship between the current text and the
response. The method further includes: capturing, subse-
quent to updating the text-response map, second audio data;
processing the second audio data to generate a second text
utlhzlng the voice-to-text model stored locally on the client
device; determining, based on the text-response map, that
the current text matches the second text; and 1n response to
determining that the current text matches the second text,
and based on the text-response map including the given text
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mapping that defines the direct relationship between the
current text and the response: causing the response to be

rendered via one or more user output devices associated with
the client device.

These and other implementations of the technology can
optionally 1nclude one or more of the following features.

In some implementations, the method further includes
receiving, with the response, an indication of whether the
response 1s static. In some of those implementations: adding,
the given text mapping to the text-response map occurs in
response to the indication indicating that the response 1s
static.

In some 1implementations, updating the text-response map
turther includes storing a confidence score in association
with the given text mapping, where the confidence score 1s
indicative of likelihood that the response 1s static. In some
of those implementations, the method further includes:
submitting the second audio data to the remote system;
receiving, in response to submitting the second audio data,
a second server response Irom the remote system; and
turther updating the confidence score based on the second
SErver response.

In some 1mplementations, the method further includes:
receiving, with the response, an indication that the response
1s static only until an expiration event occurs; updating the
text-response map to mclude an indication of the expiration
event with the given text mapping; and removing the given
text mapping irom the text-response map when the expira-
tion event occurs.

In some implementations, updating the text-response map
includes removing one or more mappings irom the text-
response map.

Some i1mplementations include a computing apparatus
including one or more processors and at least one memory
storing computer-executable 1nstructions which, when
executed by the one or more processors, causes the one or
more processors to perform a method, such as a method
described above or elsewhere herein. The computing appa-
ratus can be, for example, a client device. The one or more
processors can include, for example, central processing
unit(s), graphics processing unit(s), and/or tensor processing,
unit(s). Some implementations include a non-transitory
computer readable medium including computer-executable
instructions which, when executed by one or more proces-
sors of at least one computing apparatus, cause a method to
be performed, such as a method described above or else-
where herein.

It should be appreciated that all combinations of the
foregoing concepts and additional concepts described 1n
greater detail herein are contemplated as being part of the
subject matter disclosed herein. For example, all combina-
tions of claimed subject matter appearing at the end of this
disclosure are contemplated as being part of the subject
matter disclosed herein.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1illustrates an example environment in which
techniques described herein can be implemented.

FIG. 2 provides a flowchart that illustrates implementa-
tions ol methods described herein.

FI1G. 3 15 a flowchart that illustrates a method of verifying
that a text-response map includes a static response for a text.

FIG. 4 illustrates a flowchart of an example method
according to implementations disclosed herein.

FIG. 5 1llustrates a flowchart of another example method
according to implementations disclosed herein.
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FIG. 6 1s a block diagram of an example computing
device that may optionally be utilized to perform one or

more aspects ol techmques described herein.

DETAILED DESCRIPTION

In the implementations discussed hereinafter, a semantic
processor of a voice-enabled client device utilizes a text-
response map stored locally on the client device to parse
spoken utterances received by the device. In some 1mple-
mentations, the text-response map 1s generated based on
previous spoken utterances received by the device and one
or more responses received from a cloud-enabled device. In
instances where the text-response map does not include a
text corresponding to the received spoken utterance, the
device can provide audio data that captures the spoken
utterance (and/or a text representation of the spoken utter-
ance generated by the client device) to the cloud-based
device, which may then perform further analysis, determine
a response, and provide the response to the client device for
rendering by one or more interfaces of the device. The
response can then be stored with text in the text-response
mapping stored locally on the client device and utilized to
identify a response upon future instances of receiving the
same spoken utterance. As outlined above and explained
further below, this can lead to more eflicient use of hardware
resources 1n a network involving the client device and the
remote, cloud-enabled device.

Further details regarding selected implementations are
discussed hereinafter. It will be appreciated however that
other implementations are contemplated so the implemen-
tations disclosed herein are not exclusive.

Referring to FIG. 1, an example environment in which
techniques described herein can be implemented 1s illus-
trated. The example environment includes a client device
100 and a remote system 150. The client device 100 may be,
for example: a desktop computing device, a laptop comput-
ing device, a tablet computing device, a mobile phone
computing device, a computing device of a vehicle of the
user (e.g., an in-vehicle communications system, an 1n-
vehicle entertainment system, an in-vehicle navigation sys-
tem), a standalone interactive speaker, a smart appliance
such as a smart television, and/or a wearable apparatus of the
user that includes a computing device (e.g., a watch of the
user having a computing device, glasses of the user having
a computing device, a virtual or augmented reality comput-
ing device). Additional and/or alternative client devices may
be provided. Components of client device 100 and compo-
nents of remote system 150 can communicate via commu-
nication network 101. Communication network 101 may
include, for example, a wide area network (WAN) (e.g., the
Internet). Further, components of client device 100 may
communicate with one or more other components via com-
munication network 101. For example, communication net-
work 101 may include a local area network (LAN) and/or
BLUETOOTH, and may communicate with one or more
other devices via the LAN and/or BLUETOOTH.

Client device 100 includes one or more microphones 106
that may capture audio data indicative of one or more spoken
utterances of a user. The microphone 106 may then provide
the audio data to one or more other components of client
device 100 and/or remote system 150 for further processing.

Client device 100 may include a number of modules
suitable for implementing the herein-described methods,
including, for example, a speech-to-tech (STT) module 102,
a mapping module 103, a remote component module 104
and a render module 1035, as well as a text-response map 107
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for storing a plurality of text mappings. Likewise, remote
system 1350 may include a number of modules, including, for
example, a remote STT module 151, a natural language
processing (NLP) module 152, and an agent engine 153
suitable for interacting with one or more agents 190.

Referring now to FIG. 2, and with continued reference to
FIG. 1, a flowchart 1s provided that illustrates implementa-
tions of methods described herein using the various com-
ponents illustrated in FIG. 1. As illustrated, audio data 200
may be provided to STT module 102. STT module 102
receives audio data 200 and converts the digital audio data
into one or more text words or phrases (also referred to
herein as tokens). In some implementations, STT module
102 can be a streaming module, such that audio data of
captured utterances 1s converted to text on a token-by-token
basis and 1n real time or near-real time, such that tokens may
be output from STT module 102 effectively concurrently
with a user’s speech, and thus prior to a user enunciating a
complete spoken request. STT module 102 may rely on one
or more locally-stored ofiline acoustic and/or language mod-
cls, which together model a relationship between an audio
signal and phonetic units 1n a language, along with word
sequences 1n the language. In some implementations, a
single model may be used, while 1n other implementations,
multiple models may be supported, e.g., to support multiple
languages, multiple speakers, etc.

In some 1nstances, audio data 200 and/or text 205 may be
provided to remote component module 104. Remote com-
ponent module 104 communicates with remote system 1350
via communication network 101 and may provide the audio
data and/or a text representation of the audio data to remote
STT module 151 and/or natural language processing (NLP)
module 152. Remote STT module 151 can function similar
to STT module 102 i that 1t may receive audio data
indicative of a spoken utterance of a user and convert the
audio data into text. However, remote STT module 151 does
not utilize the resources of client device 100 and instead
utilizes the resources of remote system 150. Thus, 1n some
instances, remote STT module 151 may be more robust that
STT module 151 because remote system 150 has less

constraints on computing power and/or storage than client
device 100.

Text generated by STT module 102 and/or by remote ST'T
module 151 may be provided to NLP module 152 for further
processing. NLP module 152 processes free form natural
language input and generates, based on the natural language
input, annotated output for use by one or more other
components of the remote system 130. For example, the
NLP module 152 can process natural language free-form
input that 1s textual input that 1s a conversion, by STT
module 151 and/or remote STT module 151, of audio data
provided by a user via client device 106. Also, for example,
NLP module 152 may generate output directly from the
audio data 200 received from remote component module
104. The generated annotated output may include one or
more annotations of the natural language input and option-
ally one or more (e.g., all) of the terms of the natural
language nput.

In some 1mplementations, the NLP module 152 1s con-
figured to 1dentily and annotate various types ol grammati-
cal information in natural language input. For example, the
NLP module 152 may include a part of speech tagger (not
depicted) configured to annotate terms with their grammati-
cal roles. Also, for example, in some 1mplementations the
NLP module 152 may additionally and/or alternatively
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include a dependency parser (not depicted) configured to
determine syntactic relationships between terms in natural
language input.

In some implementations, the NLP module 152 may
additionally and/or alternatively include an entity tagger (not
depicted) configured to annotate entity references 1n one or
more segments such as references to people (including, for
instance, literary characters, celebrities, public figures, etc.),
organizations, locations (real and imaginary), and so forth.
The enftity tagger of the NLP module 152 may annotate
references to an entity at a high level of granulanty (e.g., to
cnable 1dentification of all references to an entity class such
as people) and/or a lower level of granularity (e.g., to enable
identification of all references to a particular entity such as
a particular person). The entity tagger may rely on content
of the natural language input to resolve a particular entity
and/or may optionally communicate with a knowledge graph
or other entity database to resolve a particular entity. Iden-
tified entities may be utilized to 1dentify patterns 1n the text,
as described herein.

In some 1mplementations, the NLP module 152 may
additionally and/or alternatively include a coreference
resolver (not depicted) configured to group, or “cluster,”
references to the same entity based on one or more contex-
tual cues. For example, the coreference resolver may be
utilized to resolve the term “there” to “Hypothetical Cafe” in
the natural language input “I liked Hypothetical Cafe last
time we ate there.”

In some 1implementations, one or more components of the
NLP module 152 may rely on annotations from one or more
other components of the NLP module 152. For example, 1n
some 1mplementations the named entity tagger may rely on
annotations from the coreference resolver and/or depen-
dency parser 1n annotating all mentions to a particular entity.
Also, for example, 1n some implementations the coreference
resolver may rely on annotations from the dependency
parser in clustering references to the same entity. In some
implementations, 1n processing a particular natural language
input, one or more components of the NLP module 152 may
use related prior nput and/or other related data outside of the
particular natural language mput to determine one or more
annotations.

NLP module 152 may then provide the annotated output
to agent module 153, which may provide the output to one
or more agents 190, which may then determine an appro-
priate response for the spoken utterance of the user. For
example, agent module 153 may determine, based on the
annotations of the output of NLP module 152, which agent
190 1s most likely to utilize the annotated output and
generate a meaningful response. The annotated output of the
NLP module 152 can then be provided to that agent and the
resulting response from the agent may be provided to the
client device 100 for rendering. For example, a spoken
utterance of “What 1s the weather today” may be converted
to text, annotated by NLP module 152, and the resulting
annotated output may be provided to agent module 153.
Agent module 153 may determine, based on the annotation,
that a weather agent may likely determine a meaningiul
response to the annotated output, and provide the output to
the weather component. The weather agent may then deter-
mine a response to provide to the client device, which may
then be rendered by the client device 100 to the user. For
example, based on the response of ““735, sunny” provided by
agent module 153 from a weather agent, rendering module
105 may provide audio and/or visual rendering of the
response (e.g., an audio rendering of ““The weather will be
sunny today and 75 and/or output to a visual interface of the
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weather). The NLP module 152 may be relatively compu-
tationally demanding when processing the text generated by
STT module 102 and/or by remote STT module 151. Thus
means that the NLP module’s presence at the remote system
150 1s advantageous to the client device 100 and system as
a whole because, whilst the client device 100 may be
computationally capable of implementing the NLP module
152, its overall processing capabilities and power-storage
capacity are likely to be more limited than those available at
the remote system 150. These factors mean that the NLP
module’s presence at the remote system 150 keeps latency
ol response low, particularly where the client device 100
needs to wait for natural language processing in order to
provide the response, and keeps general reliability of
response high regardless of whether the eventual response 1s
provided from the mapped local storage at the client device
or by waiting for a response from the remote system 150.

Once a response has been received by agent module 153
from one or more agents 190, the response may be provided
to the client device 100 via remote component module 104.
The received response may be provided to rendering module
105, which may then render the action via one or more
components (not illustrated). For example, render module
105 may include a text-to-speech component, which may
convert the response into speech and provide the audio to the
user via one or more speakers of the client device 100. Also,
for example, render module 105 may generate a graphical
response and provide the graphical response via one or more
visual interfaces associated with the client device 100. Also,
for example, render module 105 may be 1n communication
with one or more other devices of the user, such as Wi-fi
controlled lighting, and may provide the response to the one
or more other devices for rendering (e.g., turn on a light).

In some 1mplementations, the server response can be
stored 1n text-response map 107 with the text 200. Text-
response map 107 includes texts generated from audio data
by STT module 102 and/or remote ST'T module 151, stored
with corresponding responses received from the remote
system 150. For example, audio data for a spoken utterance
of “Turn on the kitchen light” may be received by STT
module 102 and converted to text. The text may be provided
to the remote system 150, which may determine an appro-
priate action for the command (e.g., determine the meaning
of the spoken utterance). A resulting response indicative of
turning on a light may be recerved by render module 105,
which then can i1dentity a “kitchen light” associated with the
client device 100 and turn the light off. The resulting
response can then be stored in text-response map 107 with
the response (e.g., a response of turning oil a particular light)
for later utilization by the client device 100.

In some 1mplementations, the text-response map may be
stored as one or more tables 1n a database, as a stack (e.g.,
a last-in first-out data structure), as a queue (e.g., a first-in
first-out data structure), and/or one or more alternative data
structures. As described herein, the text can be stored 1n an
alphanumerical format. However, the text may alternatively
be stored as one or more matrices ol phonemes, as audio
data, and/or any other format that allows mapping module
103 to compare audio data captured by the client device 100
with text stored in the text-response map. The responses
stored 1n the text-response module may be stored as a textual
response, an action to be performed by one or more inter-
faces of the user, and/or one or more alternative formats that
can be provided to one or more interfaces for rendering to
the user.

The text and response are stored 1n the text-response map
with a direct relationship such that each text 1s associated
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with a particular response. For example, the text “What 1s
the capital of France” can be stored with a response of
“Par1s” and with no other responses. Also, for example, the
text “Turn on the kitchen light” can be stored with a direct
relationship with a command that can be provided to a
lighting device of the user to turn on the device.

In some 1nstances, the text and response may already be
stored 1n the text-response map 107. For example, the user
may have already spoken the utterance ““T'urn ofl the kitchen
light” and the resulting response may have already been
stored with the text. In those mstances, mapping module 103
can verily that the result received from the remote system
150 matches the response stored in the text-response map.
Mapping module 103 may update the text-response map 107
based on checking whether the stored response matches the
response received from the remote system 150.

Referring again to FIG. 2, mapping module 103 can
access the text-response map 107 to determine whether the
generated text 205 has been previously stored, as described
above. At decision 210, 11 a text mapping for text 205 1s not
identified 1n the text-response mapping 107, the text (or the
audio data) 1s provided to the remote system 150 and a
response 220 1s recerved from the remote server 150, as
previously described. The response 220 can then be rendered
by render module 105 and further provided to mapping
module 103, which then generates a text mapping based on
the text 205 and the response 220. The text mapping can then
be stored 1n text-response map 107.

If the mapping module 103 determines at decision 210
that text-response map 107 includes a text mapping for the
text 205, the mapping module 103 accesses the text-re-
sponse map 107, identifies the response 215 associated with
the text 205, and provides the response 215 to render module
105 for rendering to the user. Thus, 1n instances where a
spoken utterance of the user has already been processed by
the remote system 150 and stored 1n the text-response map
107, the remote system 150 does not need to be accessed to
render content to the user. Because all actions occur on the
client device 100, any latency mtroduced by communication
network 101 and/or by components of remote system 150 1s
climinated. Furthermore, overall power consumption 1is
reduced due to the fact that the remote system 1350 does not
need to be accessed by the client device 100. Further,
because natural language processing and determining a
response are eliminated, local and/or remote computation
resources are saved when a user submits the same utterance
repeatedly. Still further, because the response can be ren-
dered without utilizing the remote system 1350, the response
can be rendered even when the client device 100 lacks any
connection to the remote system 150, such as an Internet
connection.

In some 1nstances, a response can be a static response that
does not change between repeated requests by a user. For
example, a spoken utterance of “Who was the first president
of the United States™ will result 1n the same response each
time the utterance 1s received. However, 1n some instances,
responses can be dynamic and may change upon receiving
the same spoken utterance. For example, “What restaurants
are near me” will change with the location of the user and
1s therefore a dynamic response. Also, for example, “What
1s the weather tomorrow™ 1s dynamic 1n that the weather
predictions may change throughout the day and further,
“tomorrow” describes a particular day for a limited amount
of time (1.e., only when the utterance 1s received “today™).

In some implementations, remote component module 104
provides the text 205 and/or the audio data 200 to remote
system 150 even when mapping module 103 1dentifies a text




US 10,891,958 B2

13

mapping for text 200 1n the text-response map 107. This can
occur, for example, before the render module 105 1s pro-
vided the corresponding response of the text mapping or
render module 105 may be provided the response (and start
the rendering of the response) before receiving a server
response. In some 1mplementations, mapping module 103
may wait a threshold amount of time after remote compo-
nent engine 104 provides the text and/or audio data and only
provide the render module 105 with the locally stored
response 1f a response 1s not received from the remote
system 150 before expiration of the threshold time.

Referring to FI1G. 3, a flowchart 1s provided that illustrates
a method of verifying that the text-response map 107
includes a static response for a text. ST'T module 102 can
provide the text 205 to the mapping module 103, which then
can 1dentily a text mapping for the text 200 and a corre-
sponding response 205. Further, STT module can provide
the text 205 (or the audio data 200) to remote component
module 104, which receives a response 2135 from the remote
system 1350. Mapping module 103 can then compare the
corresponding response 215 with the server response 220 at
decision 300. If the corresponding response 2135 matches the
server response 220, the corresponding response 1s more
likely to be static 305 and the text mapping may be updated
accordingly. However, 1f the corresponding response 213
does not match the server response 220, the corresponding
response 215 1s likely to be dynamic 310 and the text
mapping for the text 205 can be updated accordingly.

In some implementations, mapping module 103 may store
a confidence score with text mappings. The confidence score
may be indicative of likelithood that the corresponding
response 1s static. The confidence score can be updated each
time a server response matches the corresponding response
to reflect a greater likelthood that the response for the text
will not change subsequently. For example, a confidence
score of “1” may be assigned to a text mapping when 1t 1s
first stored in the text-response map 107. Subsequently,
mapping module 103 may identily the text mapping (based
on a subsequent text that matches the text of the text
mapping), the text (or audio data) may be provided to the
remote system 150, and a server response received from the
remote system may be compared to the corresponding
response. If the two responses match, the confidence score
for the text mapping may be updated to “2” to retlect that the
same response was 1dentified twice. As the text 1s processed
again 1n subsequent submission(s) from the user, the confi-
dence score may continue to be updated.

In some 1mplementations, a corresponding response of a
text mapping that 1s 1dentified by mapping module 103 may
be provided to render module 105 only 1f the confidence
score associated with the 1dentified text mapping satisfies a
threshold. In these circumstances, the render module 105
may render the response without waiting for any further
response rom the remote system 150. This reduces latency.
For example, mapping module 103 may identily a text
mapping with a confidence score of “3,” indicating that the
corresponding response has been verified three times. Map-
ping module may only provide the corresponding text it the
confidence level 1s greater than “2” and may provide the
corresponding text. Also, for example, the mapping module
103 may not provide a corresponding response 1f the asso-
ciated confidence of the text mapping 1s “1.” Instead, remote
component module can provide the audio data 200 and/or
text 205 to the remote system 1350 and the server response
can be provided to the render module 105 (and to the
mapping module 103 to update the confidence score as
described above). If the corresponding response matches the
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server response, the confidence score may be updated to “2”
and, when the text mapping 1s identified based on a subse-
quent utterance of the user, the corresponding response from
the mapping may be provided to the render module 105
instead of the server response.

In some implementations, remote component module may
provide the audio data 200 and/or text 205 to the remote
system 150 only when mapping module 103 does not
identily a text mapping in text-response map 107 (as pre-
viously described) or when the confidence score associated
with an 1dentified text mapping does not satisiy a threshold.
For example, a corresponding response for a text mapping
with a confidence score of “3” may be provided to render
module 1035, without any communication with the remote
server 150 1if the confidence score satisfies a threshold.
However, a corresponding response for a text mapping with
an associated confidence score of “2” may be provided to the
render module 105 and further, the audio data or text can be
provided to the remote system 1350. In these circumstances,
the response from the mapping locally stored at the client
device 100 may be rendered before the response from the
remote system 150 1s recerved at the client device 100. When
the response from the remote system 150 1s subsequently
received, 1t may be used to iterate the confidence score or,
for example, remove the stored mapping, mark the stored
mapping as stale and/or to update the mapping to reflect the
fact that the stored response 1s dynamic as described below.
This depends on whether the response from the remote
system 150 matches the response 1n the local mapping. Thus,
the remote server 150 may only be accessed when a confi-
dence score of an 1dentified text mapping does not satisty a
threshold. Theretore, the resources of the remote server 150
are 1mpacted only when confidence 1n a response stored on
the client device 100 1s not high enough to be assured that
the text mapping includes a static response.

In some 1nstances, the server response may not match the
corresponding response of text mapping 1dentified by map-
ping module 103. In those instances, mapping module 103
may update the text mapping to retlect that the stored
response 1s dynamic. For example, mapping module 103
may update the confidence score associated with the text
mapping to “-17 or some other flag to indicate that the
response 1s stale and/or 1s dynamic. If the same text 1s
subsequently generated by the STT module 102, mapping
module 103 can identily the text mapping, determine that the
corresponding response should not be rendered, and instead
indicate to the remote component module 104 to provide the
audio data and/or text to the remote server 150 for further
processing. By setting the confidence score (or setting a flag)
to retlect a response 1s dynamic ensures that, upon subse-
quent 1nstances of receiving the same text, a new mapping
1s not stored. Thus, mapping module 103 will not repeatedly
expend computational resources continuously adding text
mappings that will not ever be utilized to render content to
the user. However, 1n some implementations, mapping mod-
ule 103 may remove the text mapping entirely to preserve
storage space.

In some 1mplementations, remote system 150 may pro-
vide an indication of whether a server response 1s dynamic
or static. In some 1nstances, agent module 153 may deter-
mine an indication to provide to the client device 100 based
on the agent 190 to which the agent module 153 provided the
action based on the received audio data and/or text. For
example, agent module 153 may determine that the action
should be provided to a weather agent to determine the
weather for a particular day. Further, agent module 153 may
determine that responses from the weather agent are
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dynamic and provide an indication that the server response
provided to the client device 100 1s dynamic. Based on
receiving an 1ndication that the server response 1s dynamic,
mapping module 103 may not store the server response with
the text 1n the text-response map 107 and/or may store an
indication with the text mapping indicating that the response
1s dynamic and should not be served from the text-response
map 107 upon subsequent processing of the text. As another
example, agent module 153 may determine that a knowledge
graph agent should process the annotated text and provide an
indication that the knowledge graph utilized by the compo-
nent 1s static and that mapping module 103 should store the
text mapping (1.e., the text with the server response) for
future utilization when the same spoken utterance 1s cap-
tured.

In some 1mplementations, remote system 150 may pro-
vide an 1indication of how long a server response 1s static. For
example, agent module 153 and/or one or more other
components of the remote system 150 may determine, once
processed, that an utterance of “What 1s the weather like
tomorrow” can result 1n a static response until midnight and
then will be different after midnight (1.e., when the definition
of “tomorrow” changes to a different day). Also, {for
example, an utterance of “Who do the Cubs play next” may
be provided with an indication of the time of the next Cubs
game and that the response will change atfter the Cubs have
played their next game. Also, for example, an utterance of
“Find restaurants near me” may result in a static response
only when the user has not changed locations and/or has not
moved more than a threshold distance between providing the
utterances. Mapping module 103 may then check to deter-
mine whether an expiration event stored with the text
mapping has occurred before providing the corresponding
response to the render module 103.

In some 1mplementations, mapping module 103 may
periodically remove text mappings from the text-response
map 107 to ensure that the stored responses are still fresh
and/or to prevent the text-response map 107 from growing
in storage space requirements beyond the capabilities of the
client device 100. For example, mapping module 103 may
utilize a “first 1n, first out” approach and remove older text
mappings that have not been accessed when new text
mappings are added (e.g., only keep the last X number of
accessed mappings and remove the one accessed the longest
time ago when a new mapping 1s added and the text-
response includes X text mappings). In some 1mplementa-
tions, mapping module 103 may remove text mappings
stored with an expiration event when the event occurs. For
example, mapping module 103 may periodically check
expiration events stored 1n the text-response map 107 and
remove any text mappings with expiration events that have
already occurred. In some 1implementations, mapping mod-
ule 103 may periodically remove any text mappings that
have been flagged as dynamic.

FIG. 4 illustrates a flowchart of an example method
according to implementations disclosed herein. One or more
steps may be omitted, performed 1n a different order, and/or
one or more additional steps may be included in various
implementations.

At step 405, audio data 1s captured that 1s indicative of a
spoken utterance of a user. The spoken utterance may be
captured by one or more components of a client device that
shares one or more characteristics with microphone 106 of
client device 100. In some implementations, portions of the
spoken utterance may be captured before the user has
completed the spoken utterance and the portions may be
provided to one or more other components while still
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capturing additional audio data. For example, microphone
106 may capture a portion of audio data and provide the
audio data to one or more components while continuing to
capture additional audio data of the spoken utterance.

At step 410, a current text 1s generated from the audio
data. The current text may be generated by a component that
shares one or more characteristics with ST'T module 102. In
some 1mplementations, STT module 102 may receive a
portion of the audio data and begin generating the current
text before the entirety of the audio data for the spoken
utterance has been received from, for example, microphone
106. In some implementations, STT module 102 may wait
until all audio data of a spoken utterance has been provided
before generating the current text. Further, STT module 102
may perform some normalization of the text to, for example,
remove filler words, conjugate verbs to a standard conjuga-
tion, and/or remove unmeaningiul portions of the text.
However, STT module 102 1s intended to be less computa-
tionally mtensive than, for example, a STT module execut-
ing on a server. Thus, STT module 102 may perform little
more than conversion of the audio data to text.

At step 415, a text-response map 15 accessed. The text-
response map may share one or more characteristics with
text-response map 107 and may be accessed by a component
that shares one or more characteristics with mapping module
103. The text-response map includes text mappings, each of
which includes a text with a direct relationship to a corre-
sponding response. The text mappings 1n the text-response
map may be generated based on previous spoken utterances
of the user and responses received from a remote system 1n
response to submitting the audio data and/or text generated
in response to capturing the audio data of the user speaking
an utterance.

At step 420, the text-response map 1s checked to deter-
mine whether the current text 1s included in a text mapping.
For example, a component sharing one or more character-
istics with mapping module 103 may access the text-re-
sponse map and determine whether the text of any of the text
mappings includes the current text. In some 1mplementa-
tions, mapping module 103 may require an exact match
between the text of a text mapping and the current text. In
some 1mplementations, mapping module 103 may 1dentity a
close match to the current text. However, because the
mapping module 103 1s executing on a client device of the
user and may be resource-constrained, mapping module 103
may not i1dentily a given text in the text-response map as
matching the current text unless the match 1s exact or the
texts vary mimmally.

At step 425, once a text mapping with a text that matches
the current text has been 1dentified 1n the text-response map,
the corresponding response for that text mapping 1s selected.
The corresponding response for a given text may have been
previously generated and stored in the text-response map
based on the given text (or audio data associated with the
grven text) being submitted to a remote system and receiving
the corresponding response from the remote server. In some
implementations, a confidence score may be associated with
the text mapping and the corresponding response may be
selected only 1f the confidence score satisfies a threshold.
The confidence score may be determined based on, for
example, the number of times the given text has been
submitted to a remote system and the corresponding
response being received from the remote system. Thus, as a
grven text (or audio data for the given text) 1s provided to the
remote system for processing with the same resulting
response, the greater the confidence that the corresponding
response 1s valid.
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At step 430, one or more components causes the response
from the identified text mapping to be rendered. The
response may be rendered by a component that shares one or
more characteristics with render module 105. In some
implementations, render module 103 may be in communi-
cation with one or more other components, such as a
text-to-speech module which converts the response into
speech and provides the speech to user via one or more
speakers. Also, for example, render module 105 may be 1n
communication with one or more other interfaces, such as a
visual interface, and rendering may include providing visual
output to the user via the visual interface. Also, for example,
render module 103 may be in communication with one or
more other devices of the user, such as a lighting fixture that
1s Wi-f1 enabled, and cause the device to perform one or
more actions (e.g., turming ofl a particular light).

FIG. 5 1llustrates a flowchart of another example method
according to implementations disclosed herein. One or more
steps may be omitted, performed 1n a different order, and/or
one or more additional steps may be included 1n various
implementations.

At step 503, one or more components captures audio data
of a spoken utterance of a user. Step 505 may share one or
more characteristics with step 405 of FIG. 4. For example,
the audio data may be captured by a component that shares
one or more characteristics with microphone 106.

At step 510, a current text 1s generated from the audio
data. This step may share one or more characteristics with
step 410 of FIG. 4. For example, a component sharing one
or more characteristics with STT module 102 may generate
the text based on the audio data.

At step 515, a text-response map 1s accessed. The text-
response map may share one or more characteristics with the
text-response map 107 and this step may share one or more
characteristics with step 415 of FIG. 4. For example, map-
ping module 103 may access the text-response map 107 to
determine whether the current text 1s included 1 a text
mapping in the text-response map 107.

At step 520, one or more components determines that the
text-response map does not include a text mapping with a
text that matches the current text. The determination may be
performed by a component that shares one or more charac-
teristics with mapping module 103 1n text-response map
107. For example, mapping module 107 may access the
text-response map and check the stored texts in the map and
determine that none of the text mappings match the current
text, none of the text mappings that match have a confidence
score indicative of valid data, and/or any matching text
mappings have expired, as described herein.

At step 525, the captured audio data and/or the current
text are provided to a remote system. The remote system
may share one or more characteristics with remote system
159. For example, a remote component module 104 may
provide the audio data and/or text to remote system 150 for
turther processing, as described herein. The remote system
150 may then determine a response for the audio data and/or
current text.

At step 530, the response 1s then provided by the remote
system to the client device. In some 1mplementations, the
response may be received with an indication of the agent
utilized by the remote system to generate the response. In
some 1mplementations, the response may be received with
an indication of whether the response 1s static. If instead the
response 1s received with an indication that the response 1s
dynamic, the response may be rendered but not stored 1n the
text-response map according to the remaining steps of the

method of FIG. §.
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At step 535, the text-response map 1s updated. Updating
the text-response map may include generating a new text
mapping that includes the current text mapped to the server
response. In some implementations, updating the text-re-
sponse map may include storing a confidence score with the
new text mapping and/or an indication received with the
response (€.g., whether the response 1s static or dynamic, the
agent utilized to generate the response).

At step 540, second audio data 1s captured. Step 540 may
share one or more characteristics with step 505 and/or step
405 of FIG. 4.

At step 5435, a second text 1s generated from the second

audio data. Step 545 may share one or more characteristics
with step 510 and/or step 410 of FIG. 4.

At step 550, one or more components determines that the
current text matches the second text. This may be deter-
mined by a component that shares one or more character-
1stics with mapping module 103 and can share one or more
characteristics with step 420 of FIG. 4. For example, map-
ping module 103 may determine that the text of the text
mapping stored in the text-response mapping at step 533
matches the second text.

At step 535, one or more components causes the response
to be rendered. This step may share one or more character-
1stics with step 430 of FIG. 4. For example, a component
sharing one or more characteristics with render module 105
can cause the response to be rendered. Optionally, the
rendering of the response may occur without the second
audio data or data representing the second audio data being
sent to the remote system 150.

FIG. 6 1s a block diagram of an example computing
device 610 that may optionally be utilized to perform one or
more aspects ol techniques described herein. For example,
client device 100 can include one or more components of
example computing device 610 and/or one or more remote
systems 150 can include one or more components of
example computing device 610.

Computing device 610 typically includes at least one
processor 614 which communicates with a number of
peripheral devices via bus subsystem 612. These peripheral
devices may include a storage subsystem 624, including, for
example, a memory subsystem 625 and a file storage sub-
system 626, user interface output devices 620, user interface
mput devices 622, and a network interface subsystem 616.
The mput and output devices allow user interaction with
computing device 610. Network interface subsystem 616
provides an mterface to outside networks and 1s coupled to
corresponding interface devices 1n other computing devices.

User interface mput devices 622 may include a keyboard,
pointing devices such as a mouse, trackball, touchpad, or
graphics tablet, a scanner, a touchscreen incorporated into
the display, audio mput devices such as voice recognition
systems, microphones, and/or other types of input devices.
In general, use of the term “input device” 1s intended to
include all possible types of devices and ways to input
information mto computing device 610 or onto a commu-
nication network.

User mterface output devices 620 may include a display
subsystem, a printer, a fax machine, or non-visual displays
such as audio output devices. The display subsystem may
include a cathode ray tube (CRT), a flat-panel device such as
a liquid crystal display (LCD), a projection device, or some
other mechanism for creating a visible image. The display
subsystem may also provide non-visual display such as via
audio output devices. In general, use of the term “output
device” 1s intended to include all possible types of devices
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and ways to output information from computing device 610
to the user or to another machine or computing device.

Storage subsystem 624 stores programming and data
constructs that provide the functionality of some or all of the
modules described herein. For example, the storage subsys-
tem 624 may include the logic to perform selected aspects of
the methods of FIGS. 2-5, and/or to implement various
components depicted in FIGS. 1-3.

These software modules are generally executed by pro-
cessor 614 alone or 1n combination with other processors.
Memory 625 used 1n the storage subsystem 624 can include
a number of memories including a main random access
memory (RAM) 630 for storage of instructions and data
during program execution and a read only memory (ROM)
632 m which fixed structions are stored. A file storage
subsystem 626 can provide persistent storage for program
and data files, and may include a hard disk drive, a floppy
disk drive along with associated removable media, a CD-
ROM drive, an optical drive, or removable media cartridges.
The modules implementing the functionality of certain
implementations may be stored by file storage subsystem
626 1n the storage subsystem 624, or in other machines
accessible by the processor(s) 614.

Bus subsystem 612 provides a mechanism for letting the
various components and subsystems of computing device
610 communicate with each other as intended. Although bus
subsystem 612 1s shown schematically as a single bus,
alternative implementations of the bus subsystem may use
multiple busses.

Computing device 610 can be of varying types including
a workstation, server, computing cluster, blade server, server
farm, or any other data processing system or computing
device. Due to the ever-changing nature of computers and
networks, the description of computing device 610 depicted
in FIG. 6 1s intended only as a specific example for purposes
of 1llustrating some implementations. Many other configu-
rations of computing device 610 are possible having more or
tewer components than the computing device depicted 1n
FIG. 6.

In situations 1n which certain implementations discussed
herein may collect or use personal information about users
(e.g., user data extracted from other electronic communica-
tions, information about a user’s social network, a user’s
location, a user’s time, a user’s biometric information, and
a user’s activities and demographic information, relation-
ships between users, etc.), users are provided with one or
more opportunities to control whether information 1s col-
lected, whether the personal information 1s stored, whether
the personal information 1s used, and how the information 1s
collected about the user, stored and used. That 1s, the
systems and methods discussed herein collect, store and/or
use user personal information only upon receiving explicit
authorization from the relevant users to do so.

For example, a user 1s provided with control over whether
programs or features collect user information about that
particular user or other users relevant to the program or
teature. Each user for which personal information 1s to be
collected 1s presented with one or more options to allow
control over the information collection relevant to that user,
to provide permission or authorization as to whether the
information 1s collected and as to which portions of the
information are to be collected. For example, users can be
provided with one or more such control options over a
communication network. In addition, certain data may be
treated 1n one or more ways before 1t 1s stored or used so that
personally identifiable information 1s removed. As one
example, a user’s identity may be treated so that no person-
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ally 1dentifiable information can be determined. As another
example, a user’s geographic location may be generalized to
a larger region so that the user’s particular location cannot
be determined.

The mvention claimed 1s:

1. A method implemented by one or more processors of a
client device, the method comprising:

capturing, via at least one microphone of the client device,

audio data that captures a spoken utterance of a user;
processing the audio data to generate current text that
corresponds to the spoken utterance, wherein process-
ing the audio data to generate the current text utilizes a
voice-to-text model stored locally on the client device;
accessing a text-response map stored locally on the client
device, wherein the text-response map includes a plu-
rality of mappings, each of the mappings defining a
corresponding direct relationship between correspond-
ing text and a corresponding response based on the
corresponding text being previously generated from
previous audio data captured by the client device and
based on the corresponding response being previously
received from a remote system 1n response to trans-
mitting, to the remote system, at least one of the
previous audio data and the corresponding text;
determiming whether any of the corresponding texts of the
text-response map matches the current text;

in response to determining that a given text, of the

corresponding texts of the text-response map, matches

the current text:

selecting a given response ol the corresponding
responses of the text-response map, where selecting
the given response 1s based on the text-response map
including a mapping, of the mappings, that defines
the given response as having a direct relationship
with the given text; and

causing the given response to be rendered via one or
more user interface output devices associated with
the client device;

transmitting the audio data or the current text to the

remote system;

receiving, from the remote system in response to trans-

mitting the audio data or the current text, a server

response that 1s responsive to the spoken utterance;
comparing the server response to the given response; and
updating the text-response map based on the comparison.

2. The method of claim 1, wherein receiving the server
response occurs after at least part of the given response has
been rendered via the one or more user interface output
devices.

3. The method of claim 1, wherein comparing the server
response to the given response indicates that the server
response differs from the given response, and wherein
updating the text-response map comprises:

based on the comparison indicating that the server

response differs from the given response:

updating the mapping, that defines the given response
as having the direct relationship with the given text,
to define the server response as having the direct
relationship with the given text.

4. The method of claim 1, wherein comparing the server
response to the given response indicates that the server
response differs from the given response, and wherein
updating the text-response map comprises:

based on the comparison indicating that the server

response differs from the given response:
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removing, from the text-response map, the mapping
that defines the given response as having the direct
relationship with the given text.

5. The method of claim 4, wherein updating the text-
response map further comprises:

based on the comparison indicating that the server

response differs from the given response:
storing, 1n the text-response map, data that prevents the
given text from being mapped to any responses.

6. The method of claim 1, wherein updating the text-
response map includes adjusting a confidence score associ-
ated with the mapping that defines the given response as
having the direct relationship with the given text.

7. The method of claim 6, wherein adjusting the confi-
dence score associated with the mapping that defines the
given response as having the direct relationship with the
given text comprises:

adjusting the confidence score to be more indicative of

confidence 1 the comparison indicates the given
response matches the server response.

8. The method of claim 6, wherein selecting the given
response 1s further based on the confidence score associated
with the mapping satistying a threshold.

9. The method of claim 1, further comprising;:

capturing, via the at least one microphone of the client

device, additional audio data that captures an additional
spoken utterance;

processing, utilizing the voice-to-text model stored

locally on the client device, the additional audio data to
generate additional text that corresponds to the addi-
tional spoken utterance;

determining whether any of the corresponding texts of the

text-response map matches the additional text; and

in response to determining that none of the corresponding,

texts of the text-response map matches the additional

text:

transmitting at least one of the additional text and the
additional audio data to the server system:;

receiving, from the server system 1n response to trans-
mitting the at least one of the additional text and the
additional audio data, an additional response; and

causing the additional response to be rendered via one
or more of the user interface output devices associ-
ated with the client device.

10. The method of claim 9, further comprising;:

receiving, from the server system with the additional

response, an indication that the server response 1s a
static response for the additional text; and

in response to receiving the indication that the server

response 1s a static response for the additional text:

adding, to the text-response map, a new mapping that
defines a new direct relationship between the addi-
tional text and the additional response.

11. The method of claim 1, wherein the client device lacks
any connection to the Internet when the method 1s per-
formed.

12. The method of claim 1, further comprising;:

determining a confidence score associated with the map-

ping that defines the given response as having the direct
relationship with the given text;

wherein causing the given response to be rendered com-

prises:
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causing, in response to the confidence score satisiying
a threshold, the given response to be rendered with-
out transmitting the audio data or the current text to
the remote system.

13. The method of claim 1, further comprising: transmit-
ting, prior to the given response being rendered, the audio
data or the current text to the remote system;

determining a confidence score associated with the map-

ping that defines the given response as having the direct
relationship with the given text;

determining, based on the confidence score, a threshold

amount of time to await receiving, from the remote
system 1n response to transmitting the audio data or the
current text, a server response that i1s responsive to the

spoken utterance;
wherein causing the given response to be rendered com-
Prises:
causing the given response to be rendered at expiration
of the threshold amount of time when the server
response 1s not received belore expiration of the
threshold amount of time.

14. A client device comprising one or more processors and
at least one memory storing computer-executable instruc-
tions which, when executed by the one or more processors,
causes the one or more processors to perform a method
comprising;

capturing, via at least one microphone of the client device,

audio data that captures a spoken utterance of a user;
processing the audio data to generate current text that
corresponds to the spoken utterance, wherein process-
ing the audio data to generate the current text utilizes a
voice-to-text model stored locally on the client device;
accessing a text-response map stored locally on the client
device, wherein the text-response map includes a plu-
rality of mappings, each of the mappings defining a
corresponding direct relationship between correspond-
ing text and a corresponding response based on the
corresponding text being previously generated from
previous audio data captured by the client device and
based on the corresponding response being previously
received from a remote system 1n response to trans-
mitting, to the remote system, at least one of the
previous audio data and the corresponding text;
determiming whether any of the corresponding texts of the
text-response map matches the current text;

in response to determining that a given text, of the

corresponding texts of the text-response map, matches

the current text:

selecting a given response ol the corresponding
responses of the text-response map, where selecting
the given response 1s based on the text-response map
including a mapping, of the mappings, that defines
the given response as having a direct relationship
with the given text; and

causing the given response to be rendered via one or
more user interface output devices associated with
the client device;

transmitting the audio data or the current text to the

remote system;

receiving, from the remote system in response to trans-

mitting the audio data or the current text, a server

response that 1s responsive to the spoken utterance;
comparing the server response to the given response; and
updating the text-response map based on the comparison.
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